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Summary: This paper reviews the efficacy of auto-titrating continuous
positive airway pressure (APAP) for treatment of obstructive sleep apnea.
Itis based on a review of 30 articles published in peer review journals con-
ducted by a task force appointed by the American Academy of Sleep
Medicine to develop practice parameters for use of APAP devices for
treatment of obstructive sleep apnea (OSA). The data indicate that APAP
can be used to treat many patients with OSA (auto-adjusting) or to identi-
fy an effective optimal fixed level of continuous positive airway pressure
(CPAP) for treatment (auto-titration). Patients with significant congestive
heart failure, chronic obstructive pulmonary disease (COPD), or signifi-
cant amounts of central apnea were excluded from many treatment trials
and there is insufficient evidence that APAP can be used to treat these
patients. Many clinical trials have been performed in patients already on
CPAP or with the initial APAP night in a laboratory setting. At this time only
a few studies have evaluated initial titration with APAP in CPAP-naive
patients in an unattended setting. Further studies of APAP in this circum-
stance are needed. No studies have systematically compared the effica-

cy of one APAP technology with another. Devices using different technol-
ogy may not give the same results in a given patient. Devices solely
dependent on vibration may not work in non-snorers or patient who have
undergone upper-airway surgery. High mask or mouth leaks may prevent
adequate titration in devices monitoring snoring, flow, or impedance
(forced oscillation technique). Review of the raw data to identify periods of
high leak was performed in several of the APAP titration studies, to iden-
tify a pressure for fixed CPAP treatment or to determine if the titration was
adequate. There is conflicting evidence for and against the premise that
treatment with APAP increases acceptance and adherence compared to
fixed CPAP. In studies demonstrating an increase in adherence with
APAP, there was similar improvement in measures of daytime sleepiness
as with fixed CPAP treatment. Further studies are needed to determine if
APAP can increase acceptance or adherence with positive pressure treat-
ment in patients with OSA.
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1.0 INTRODUCTION

OBSTRUCTIVE SLEEPAPNEA (OSA) ISAVERY COMMON
DISORDER AFFECTING 2%-4% OF THE ADULT POPULA-
TION.! Nasal continuous positive airway pressure is the most
reliably effective treatment for patients with moderate to severe
OSA.z4 This treatment has been demonstrated to reduce both
subjective and objective measures of daytime sleepiness in ran-
domized placebo controlled trials.56 The conventional approach
to CPAP treatment utilizes a pressure titration in the sleep labo-
ratory during attended polysomnography. The goal is to identify
an effective pressure that will prevent apnea, hypopnea, snoring,
and respiratory effort-related arousals in al body positions and
dleep stages. In general, higher pressures are needed in the supine
position and during REM sleep.” Higher pressures are also need-
ed to eliminate residual snoring and respiratory effort-related
arousals (RERAS) associated with airflow limitation than to pre-
vent apnea and hypopnea.8® Attended studies allow the technol-
ogist to adjust the pressure to meet changes in body position and
sleep stage and to intervene for mask leaks or persistent hypox-
emia after airway patency is restored.1° Temporary reductionsin
pressure may also be necessary to allow patientsto return to sleep
after prolonged awakenings. Attended titration is relatively
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expensive and time intensive; a single technologist can rarely
effectively titrate more than two patients at a time. Furthermore,
with the common use of partial or “split” night studies (first por-
tion diagnostic, second portion CPAP titration), some patients
will not have enough supine or REM sleep on positive pressure
to allow for an estimate of the pressure requirements in all cir-
cumstances.1112 Thus, in some patients an optimal pressure effec-
tivein al situations cannot be identified on a single study night.
In addition, the optimal pressure may well be higher than neces-
sary for much of the night as the needed CPAP pressure can vary
considerably with sleeping posture and sleep stage.” For exam-
ple, a pressure of 16 cm H,O may be needed for supine REM
sleep while a pressure of 10 cm H,O may work well during
NREM sdleep in the lateral sleeping position.” The use of asingle
higher pressure for the entire night could potentially increase
mask leaks, mouth leaks, pressure intolerance, and theoretically
reduce acceptance and adherence with CPAP treatment in some
patients. A major challenge facing clinicians treating OSA is
increasing CPAP acceptance and adherence.l*15 The optimal
pressure could also change with time, secondary to multiple fac-
tors including weight gain and nasal congestion. When OSA
patients on treatment with nasal CPAP complain of persistent
sleepiness despite adequate adherence, a re-titration study may
be deemed necessary to ensure a correct pressure setting. Finally,
some OSA patients simply do not have ready access to a sleep
laboratory because of their location. In addition, some sleep cen-
ters have considerable scheduling backlogs that delay access to
timely care.
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Because of these problems with the traditional approach to
CPAP treatment and titration, auto-titrating devices (APAP) have
been developed. Today, a wide variety of APAP units are avail-
able.16-21 They vary in which physiological variables they moni-
tor (snoring, apnea, hypopnea, airflow limitation, impedance, or
a combination of variables) and in their algorithms to respond to
these factors. APAP devices are designed to increase pressure as
needed to maintain airway patency and then to decrease pressure
if no events are detected over a set period of time. Because the
minimum effective pressure is delivered (auto-adjusting), the
mean pressure is often lower than the optimal fixed CPAP pres-
sure. It has been hypothesized that this lower pressure could
increase acceptance and adherence with chronic positive pressure
treatment.17.18 Most APAP units have the ahility to store pressure
versus time data and many can also record leak, apnea, and
hypopnea information. This information can be transferred to a
computer and analyzed quickly to provide both summary infor-
mation and more detailed pressure and leak versus time plots on
selected nights. One could then choose either the maximum pres-
sure or apressure thought satisfactory for the majority of thetime
as the optimal effective CPAP level for chronic treatment (Pe).
Those units storing apnea and hypopnea information can also be
used for diagnosis when the machine is set at a low fixed pres-
sure. APAP devices generally cost more than fixed CPAP devices.
This, in part, has limited their widespread use for chronic treat-
ment. Cost isless of afactor if the devices are to be used for auto-
titration to determine a fixed CPAP level. A few units then could
be used to perform many unattended CPAPtitrations. However to
realize cost savings, APAP devices would need to reliably per-
form adequate unattended pressure titrations on a mgjority of
CPAP-naive patients. The cost savings of this approach has not
been proven.

In summary, there are several potential usesfor APAP devices.
These include: 1) laboratory or unattended determination of an
appropriate CPAP level to provide the prescription pressure for
fixed CPAP (FCPAP) treatment, 2) as a chronic treatment of
OSA, using varying pressures during the night which might
increase acceptance and adherence, and 3) screening devices for
identification of OSA. In this review only the evidence for effi-
cacy of APAPn the first two potential uses will be analyzed.

2.0 PURPOSE

A task force was appointed by the Standards of Practice
Committee (SPC) of the American Academy of Sleep Medicine
(AASM) and assigned the task of developing a critical review of
the literature pertaining to the treatment aspects of APAP devices.
This review provided the basis for the development of practice
parameters by the SPC. All members of the task force completed
conflict of interest documents and were found to have no signif-
icant conflicts relevant to this subject. The Board of Directors of
the American Academy of Sleep Medicine approved this review.

3.0 METHODS

A literature search (Medline and EMBASE 1980-June 2001)
for articles on treatment with auto-titrating CPAP (APAP) was
conducted. Key words for searches included autoCPAP, automat-
ic CPAPR, auto-titrating CPAP, self-titrating CPAP, self CPAR,
autoset, auto PAP, and auto-adjusting CPAP. Each search was run
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separately and findings were then merged. When the search was
limited to articles published in English, atotal of 55 articleswere
identified. The set of articles was further reduced to include only
those with amajor focus on treatment that were published in peer
reviewed journals. Studies with a major focus on treatment were
defined as: 1) those determining APAP efficacy either as chronic
treatment or as a means for determining an optimum pressure for
fixed CPAPtreatment, or 2) those determining the effect of APAP
on positive pressure acceptance and or adherence. Several
reviews, editorials, and articles appearing in journal supplements
were included in the references;16-22 however these were not used
to form conclusions. Thirty articles?>52 were selected for inclu-
sion in the evidence tables. Because there was relatively little
evauation of safety and side effects of APAP in patients with
central apnea or cardiopulmonary disease, one case report was
included,?6 and one study of an auto-titration device designed
entirely for selection of afixed pressure (by post-study physician
review) for chronic treatment were included.3*

Two task force members analyzed each article for design,
inclusion and exclusion criteria, outcome measures, biases, and
conclusions. Thelevel of evidence of each articleislisted accord-
ing to criteria as noted in the accompanying Standard of Practice
parameter paper. For purposes of determining if a study meets
historical standards,>® an AHI of < 10/hour of sleep on CPAP or
APAP was considered an acceptable outcome for positive pres-
sure titration in OSA patients.

4.0 BACKGROUND
4.1 Technology

There have been severa articles reviewing clinical experience
with APAP devices.518 Published editorials have also discussed
the potential uses and limitations of the machines.1%22 A humber
of different auto-titrating CPAP devices are commercialy avail-
able. They vary with respect to what physiological variable is
monitored to decide changes in pressure and the algorithms
(decision paths) used to determine if and how much to increase
or decrease pressure. In general, the devices measure some or all
of the following: snoring (airway vibration), airflow (apnea or
hypopnea), and the flow vs. time profile (evidence of flattening
as a surrogate for airflow limitation). Devices using the forced
oscillation technique to monitor impedance have al so been devel-
oped.38:39 |n order to detect changes in airflow, some units utilize
a built-in pneumotachograph to quantify flow and the flow ver-
sus time profile, while other machines use differences in blower
speed during inspiration and exhalation. Actual tracingsillustrat-
ing the changes in pressure in response to different respiratory
variables can be found in the references for airflow,3! airway
vibration,38 inspiratory airflow flattening,1”.50 and impedance.*

Most APAP devices start with a baseline pressure (usually
around 3-4 cm H,0) and then titrate upward as needed. An
absence of monitored events then prompts a gradual decrease in
pressure. This allows the minimum effective pressure to be deliv-
ered in a given circumstance. The APAP devices usually allow
the clinician to set maximum and minimum pressure limits. The
machines usually start at alow pressure (which can be specified
in some) and after some brief initial period the pressure rises until
the low pressure limit is reached. From this point, auto-titration
begins. The Morphee-plus device®*4¢ is unique in that the clini-
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cian must supply a reference pressure (P«). The machine then
titrates within a range about this pressure (For example, P — 4
cm H,0, P + 2 cm H,0). The P can be determined by a pre-
vious conventional CPAP titration or estimated by a formula.3946

The problems of how to handle mask/mouth leak and central
apnea have provided a challenge for the designers of APAP.
However, these two problems are not unfamiliar to technologists
performing attended CPAP titration. Mask/mouth leaks tend to
raise the baseline flow delivered by units and diminish the varia-
tionsin flow during inspiration and expiration. The resulting air-
flow signal may be interpreted as an apnea or hypopnea and
prompt an increase in pressure that may further increase leak. In
impedance-based systems, a mask leak results in a spurious low
impedance that does not reflect the actual state of the airway.2!
Teschler and Berthon-Jones reported on their clinical experience
in 1000 patients using the Autoset T APAP device!8 and estimat-
ed that leak exceeded 0.4L/s on average for 10% of a supervised
night and 15% on an unsupervised night. To handle theleak prob-
lem many units have algorithms that limit pressure increases
when leak exceeds certain values or when increases in blower
speed no longer result in increases in mask pressure. Other units
have leak aarms that could prompt the patient/staff to readjust
the mask. Mouth leaks could be approached by treating nasal
congestion, using heated humidification, chin straps, or using a
mask covering the nose and mouth.

Central apnea during APAP treatment/titration is another dif-
ficult problem in some patients. Central apneas of the Cheyne-
Stokes type are common in patients with severe congestive heart
failure (CHF)5* and also can occur in patients with neurological
diseases. Central apneas may appear in patients with OSA and
CHF during a CPAP titration after the airway obstruction is
reversed.55 Other patients with OSA may have central apneas
after arousals* that are sometimes prompted by excessive pres-
sure. While CPAP has been reported to decrease the AHI in both
idiopathic central apnea,5” and central apnea associated with con-
gestive heart failure,>8 in many patients, increasesin pressure will
not decrease events or may increase the problem. Some device
manufacturers have attempted to identify central apnea by detect-
ing cardiac oscillations in the airflow tracing (open airway
apnea). However, the airway can close in central apnea.>® Others
have designed algorithms that limit the pressure increases for
apnea in the absence of associated snoring or airflow limitation.
However, the problem persists in some patients and many of the
reviewed clinical trials excluded patients with congestive heart
failure.

4.2 Use of APAP for CPAP Titration

Auto-titrating devices can be used to determine an optimal
fixed level of CPAP for long term treatment with a conventional
CPAP device. This could be performed as an attended study
(which allows technologist intervention) or as an unattended
study either in the sleep laboratory or at home. In the sleep labo-
ratory APAP units could potentially allow a given technologist to
titrate more patients (technologist extender). Interventions for
mask leaks and the treatment of persistent hypoxemia despite a
patent airway with supplemental oxygen would be possible.
However, performing unattended CPAP titration in the sleep lab-
oratory or home is potentially the most useful application of
APAP devices. Patients without rapid access to a sleep laborato-
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ry, either because of their location or a long wait for the next
available appointment, could be titrated and started on treatment.
There is also a potential for cost savings but this would depend
on whether the diagnostic study was performed in a traditional
sleep laboratory or as an ambulatory study.1931 For example, the
cost of an in-laboratory diagnostic sleep study, plus unattended
APAPtitration might not differ that much from the cost of onein-
laboratory split night study. The potential for cost savings would
also depend on whether or not APAP could reliably perform ade-
quate titrations in CPAP-naive patients. The need to repeat a sig-
nificant number of CPAP titrations in the sleep laboratory could
negate any potential cost savings. Fletcher and coworkers did
find a considerable estimated cost savings with a protocol using
both home diagnostic monitoring and auto-titration.3 However,
the assumption that unattended APAP titration would result in
overall cost savings is not yet confirmed by published data from
randomized trials.

To be effective, unattended titration would require that the
patient be well educated about using the device and able to apply
the mask properly and adjust it if leaks occur.1® Proper mask fit-
ting would also be essential. Furthermore, as discussed below,
judicious patient selection for unattended APAP titration, know!-
edgeable physician review of stored information for the APAP
device, and timely follow-up of the outcome of CPAP treatment
using an APAP selected pressure would appear to be needed to
ensure a good clinical outcome.

APAP devices allow transfer of pressure over time informa-
tion to a computer for analysis. Some reveal only the percentage
of time at each pressure while others record more detailed infor-
mation such as leak and persistent apnea/hypopnea counts. Given
sufficient and reliable data, the clinician could then review the
data and decide on an appropriate fixed pressure. Two common
aternatives are to identify either the maximum pressure or a
pressure only rarely exceeded (95th percentile pressure). The
95th percentile pressure (Pgs) is the level of pressure exceeded
only 5% of the time. Most devices will display a plot of the per-
centage of time each pressure is applied and will compute pres-
sure statistics (Pmeans Pos, @nd Praximum) Over a selected number of
days. The ability to store more than one night of datais useful, as
more than one night may be needed to effectively select an appro-
priate fixed pressure. However, longer periods of titration may
potentially increase cost. In most published studies, investigators
viewed some form of raw data to eliminate periods of high mask
leak or determine if the titration was technically adequate. Many
devices respond to high leak with increases in pressure often up
to a set maximum pressure.

4.3 Chronic Treatment of OSA with APAP

The second potential use for APAPdevicesisfor chronic treat-
ment of OSA. However, an advantage in acceptance, adherence,
or other outcomes with APAP compared to fixed CPAP would
need to be demonstrated to justify the routine use of APAP units.
It has been proposed that by allowing treatment with the lowest
effective pressure that acceptance or adherence will be enhanced.
In contrast to APAP, atreatment pressure for fixed CPAP must be
chosen to provide a pressure effective in al body positions and
sleep stages. In some patients this pressure may be much more
than is needed for some of the night. For example, a patient
requiring 16 cm H,O in the supine position during REM sleep
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may only need 10 cm H,O in the lateral sleeping position during
NREM sleep. The mean pressure in such patient would be lower
on APAP if asignificant amount of sleep time is spent in the lat-
eral position. How much lower the mean delivered APAP pres-
sure would be than afixed CPAP pressure depends on the rel ative
time spent in the supine and non-supine positions and as well as
the amounts of NREM and REM dleep. The difference in pres-
sures needed in those situations also determines the potential for
differencesin mean pressure between APAP and CPAP treatment.
For example, if 14 cm H,O pressure was needed in the lateral
sleeping position and 16 cm H,O in the supine position there
would be relatively little potential for lowering of mean pressure
with APAP. In some studies, the difference in mean APAP pres-
sure and fixed CPAP pressure was on the order of 1-2 cm H,0 but
can be greater with some APAP devices and groups of patients.
The difference between the fixed optimal CPAP level and the
mean pressure on APAP can vary considerably between
patients.44

Contrary to the idea that APAP could improve acceptance
and/or adherence, many patients do not find pressure intolerance
to be their mgjor discomfort with CPAP treatment. Other factors
contributing to dissatisfaction with CPAP besides pressure intol-
erance may potentially limit the ability of APAP to increase
acceptance and/or adherence. In one study the nasal mask inter-
face was the magjor reason of discontinuing treatment.13 Nasal
congestion and dryness are also major side effects. Studies have
shown that education, close support during treatment initiation,
the addition of humidification, and close follow-up can improve
acceptance and adherence 1415

5.0 QUESTIONS TO BE ADDRESSED

The 30 articles??47 listed in Table 1 were used to try to answer
several important questions about the evidence for clinical effec-
tiveness of APAP. There were several factors complicating the
analysis. First, there are many different devices and findings from
one device may not extrapolate to others. Second, many of the
studies were clinical seriesin which use of the device was shown
to be clinically feasible and effective but not compared to con-
ventional CPAP treatment or placebo. The entry criteria were not
always clearly stated so that in some studies there may have been
a selection bias. Third, even when randomized controlled trials
were performed, the designs varied significantly. Included in
Table 1 isa brief outline of each study design.

5.1 What is the evidence that APAP can effectively reduce the
AHI in OSA patients?

A total of nine clinical series,2327.31,32,37.384142.52 one non—ran-
domized control trial2” and 16 randomized controlled trial s242&-
30,35,37,39,4043-4648,50-52 found that APAP reduced the apnea plus
hypopnea index to acceptable levels (AHI <10/hr) in greater than
80%-95% of the OSA patients studied. Of note, the randomized
controlled trials were designed to answer other questions (such as
comparing fixed CPAP and APAP). That is, there was no placebo
treatment and the diagnostic study always preceded the APAP
study.

As stated previously, many studies excluded patients with
congestive heart failure or chronic lung disease. None of the
above studies included patients with a substantial amount of cen-
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tral apnea at baseline. Most patients had aready had a forma
sleep study and some had a traditional CPAP titration before
being exposed to APAP for the first time. In some studies that
patients undergoing a night of APAP were already being treated
with CPAP. The results in such patients may differ from naive,
untreated patients.

The devices studied included those using snoring
alone; 2324384048 gpnea and hypopnes;3946 apnea, hypopnea, and
snoring;27-293145 gsnoring, apnea, hypopnea, and flow limita-
tion;3250-52 and the forced oscillation technique.3041-44

In several studiesthere were reports of afew patientsin whom
the titration was inadequate. Lofaso and coworkers® using a
snoring-based device reported that 3 of 15 subjects had an apnea
plus hypopneaindex (AHI) >10/hr. These included one non-snor-
er and two mouth breathers. Teschler et al.50 reported that one of
21 patients had such a severe mask leak that auto-titration was
not possible. In this patient the pressure increased to the preset
maximum pressure of 20 cm H,O. In another four subjects there
were transient inappropriate pressure increases during periods of
large leaks requiring reseating of the mask. The APAP device
used in this study monitored snoring, airflow (apnea and hypop-
nea), and airflow flattening.

While the above discussion utilizes areduction in the AHI to
less than 10/hr as the criterion for acceptable treatment,3 reduc-
tions to less than 5/hr and elimination of significant airflow lim-
itation as well as apnea/hypopnea may be required for reversal of
sleepiness in individual patients.8960 In some studies, the mean
AHI was in fact reduced to less than 5/hr27.29.30.3541-434547,50.52 on
APAP. While patients with the upper-airway resistance syndrome
(UARS) were included in some studies,33 no study specifically
evaluated the effectiveness of APAP in patients with UARS or
very mild OSA (AHI 5-15 events/hour).

5.2 What is the evidence that APAP can reduce the AHI as
well as conventional CPAP either in a laboratory titration or
as chronic treatment? Is the mean pressure lower on APAP
devices?

The literature search identified two clinical series,*42 one
non-randomized control trial,2” and 11 randomized control tri-
8l s?428-30,35,394344,464852 that compared the AHI on a night on
APAP with a night of fixed CPAP where the pressure level (Pgy)
was determined during a previous conventional CPAP titration.
An additional two studies?51 compared a night of manual CPAP
titration to an attended APAP titration (random order) and also to
anight of fixed CPAP at an optimal pressure determined as Pgs on
the APAP night (order not random). Comparisons between APAP
and fixed CPAP (FCPAP) could be influenced by the type of
APAP machine as well as the criteria and airflow measurement
technology used for CPAP titrations. For example, monitoring
airflow with a pneumotachograph is likely to detect more events
than with athermistor. The mean AHI in al studieswasvery sim-
ilar on APAPand fixed CPAP nights (Table 1). Thus, therapy with
APAP and fixed CPAP (Pg by manual titration or auto-titration)
appear to give similar treatment night AHIs.

If reduction in the AHI is similar with APAP and CPAP, does
APAPtreatment result in alower mean or median treatment pres-
sure? Considering investigations comparing APAP and CPAP
(Pg determined by conventional titration), there were nine stud-
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ies in which the APAP mean or median pressure was
|ower24:27.3041-44, 48,50 gnd one2® in which the mean treatment pres-
sure was dlightly higher. In the latter study, APAP was con-
strained to vary within a fairly tight range (6 cm H,0). In the
studies showing a decreased mean or median pressure on treat-
ment nights, the difference was usually 6 cm H,0 or less and
often 1-2 cm H,0.

Differences between the fixed CPAP and mean APAP pres-
sures were 3.1,24 2.6,27 0.9,28 and 2.2 cm H,0.48 Another study
found the median APAP pressure to be 1.8 cm H,O lower.52
Randerath et al.# presented a detailed distribution of the differ-
ence between fixed and mean APAP pressures by the forced
oscillation technique in a group of 52 patients. The fixed pres-
sures exceed the mean APAP by as much as 6 cm H,O although
in 34 patients the difference was between 1 and 4 cm H,0.

5.3 What is the evidence that APAP can effectively improve
sleep quality and subjective and objective measures of day-
time sleepiness in OSA patients?

When APAP was first introduced there was concern that fre-
guent pressure changes might trigger arousal. Frequent arousals
could reduce the potential benefit from treatment even if the AHI
were significantly reduced. However, most APAP a gorithms uti-
lize afairly slow increase (or decrease) in pressure depending on
the events detected. For example, an increase of 1 cm H,0O over
several minutes occurs if snoring is detected. In routine manual
pressure titration, incrementsin pressure arerarely lessthan 1 cm
H,O and are typically more sudden than changes with APAP.
Thus, one might suppose that with the proper agorithms,
arousals would not necessarily be more frequent with APAP than
conventional CPAP titrations.

In general, the literature documents that APAP significantly
improves sleep quality. If one defines improved sleep quality as
a treatment arousal index of less than or equal to 20 events per
hour or an increase in either slow wave or REM sleep (or both)
compared to baseline, then a number of studies document
improved sleep on APAP. A total of four clinical series,37.384152
one non-randomized control trial2” and 11 randomized controlled
trigl $24.28-30.35,39.43-454850 found some evidence that APAP
improved sleep quality. Two of the studies listed as clinical
series’’s2 were actually randomized controlled studies with
respect to different outcome measures than improvement in sleep
quality.

In the clinical seriesthere was variability in which sleep qual-
ity variables improved. Lloberes et a.3” compared sleep quality
in a group of OSA patients undergoing partially attended APAP
titration with a smaller group of OSA patients with an equivalent
AHI who had previously undergone conventional titration (not a
true randomized controlled comparison). The groups had a simi-
lar sleep quality on the positive pressure titration nights (APAP
titration: arousal index 12+7/hr, conventional CPAP titration:
arousal index 11+6/hr). Lofaso and coworkers®® found an
increase in slow-wave (7186 vs. 102+149 minutes) but not
REM sleep on APAP compared to baseline. Randerath et al .4
found an increase in REM deep (diagnostic: 42.7+16.4, APAP
mode 1: 66.6+23.4, and APAP mode 2: 61.1+24.6 minutes) but
no change in slow-wave sleep using the forced oscillation tech-
nique for APAP. There was also a decrease in the respiratory
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arousals’hour (diagnostic: 20.9+16.6, APAP mode 1: 2.3+3.7/hr,
and APAP mode 2: 4.5+5.2, p<0.001). Alternatively, in a latter
study, the same group using asimilar technique, found a decrease
in total sleep time (340.0+£55.9 minutes at baseline, 287.8+47 on
APAP mode 1, and 287.8+49.5 on APAP mode 2, p<0.05) and no
change from baseline (diagnostic study) in the arousal index in a
group of patients with mild OSA .42 In a subsequent investigation
by the same group, using APAP with forced oscillation technique,
sleep quality (increased REM sleep, decreased arousal index)
improved on APAP compared to baseline.#3 The amount of REM
sleep increased from 47.4+25.3 to 63.4+27.2 minutes (p<0.05)
and the respiratory arousal index decreased from 17.8+15.8 to
3.3+3.9 events/hr (p<0.001). Teschler et al.52 found an increasein
slow-wave sleep from 10.2+2.2 to 24.6+2.8 as a % of total sleep
time (p<0.01) and an increase in REM sleep from 11.7+2.3 to
25.9+1.4% total sleep time (p<0.001) on APAP nights compared
to the diagnostic night. There was also a decrease in respiratory
arousals from 42+7.2/hr to 4.8+0.8/hr (p<0.001). Boudewyns et
al.27 found that APAP increased the mean amount of REM sleep
(26.0 to 101.5 minutes, p<0.05) and decreased the mean arousal
index (27.4 to 8.4 events/hour, p<0.05) compared to baseline (no
treatment).

One might also ask if APAP was as effective as conventional
CPAP for improving sleep quality. In general, the literature sup-
port the idea that the improvement in sleep quality with APAP
and conventional CPAP is similar. In seven randomized con-
trolled trial s2428-304346.48 APAP and fixed CPAP resulted in equiv-
alent sleep quality (reduction in arousal index, increased slow
wave and REM sleep). Behbehani and coworkers?# found a sig-
nificant increase in slow-wave and REM sleep on APAP com-
pared to the diagnostic night. The number of sleep stage shifts
was also significantly decreased on CPAP (180.2+53.8) and
APAP (174.5+55.3) compared to the diagnostic night
(227.4+73.7 shifts, p<0.05). The increases in slow wave sleep
and REM and the decreases in slegp stage shifts were not signif-
icantly different between CPAP and APAP. D’ Ortho et al .28 found
the minutes of stage 3 and 4 sleep not to differ on CPAP (94+40)
and APAP night (87+40) but to be significantly different from
baseline (44+36) on both treatments. In a similar manner there
was a similar decrease in awakenings and arousals per hour on
CPAP (13.7+£8.0/hr) and APAP (15.5+8.9/hr) compared to base-
line (45.6£25.8/hr) (p<0.05). The amount of REM as a %TST
aso increased on CPAP (22+5) and APAP (21+8) compared to
baseline (16+5%). Ficker and coworkers?® found an equivalent
arousal index on fixed CPAP (7.0+4.3) and APAP nights
(7.4+4.1/hr). The same group using a different APAP device®
found an increase in slow-wave and REM sleep compared to
baseline on both CPAP and APAP nights. The amounts of slow-
wave (APAP: 19.3+6.6 and CPAP: 18.4+7.2 % total sleep time)
and REM sleep (APAP: 21.7+4.9 and CPAP: 19.8+6.8% total
sleep time) were very similar. Randerath and coworkers® found
the amount of REM sleep (% total sleep time) to increase com-
pared to baseline on the first night of APAP or CPAP with equiv-
alent amounts of REM on APAP (19+6%) and CPAP (19+6%)
nights. The respiratory arousals also decreased compared to base-
line (24+23.2 events/hour) vs. APAP (1.8+3.7) and CPAP
(1.9£2.9) nights. Sharma and colleagues®® using a crossover
design found that both fixed CPAP and APAP increased the
amount of slow-wave sleep and REM sleep compared to base-
line. However, the amount of slow-wave sleep (as % of total
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sleep time) did not differ on CPAP (16.7+9.8%) and APAP
(17.1+9.3%) nights. Similarly the amounts of REM sleep (asa %
of total sleep time) on CPAP (22.7+7.9%) and APAP (25.3+7.4%)
nights did not differ. Using a parallel group design, Séries et al.
compared fixed CPAP with two modes of APAP46 The amount of
stage 3 and 4 increased and the arousal index decreased in al
three groups. There was no difference in the improvements with
CPAP and the two modes of APAP.

Two randomized controlled studies®4> found that APAP
improved slow-wave sleep more than conventional CPAPR
Konermann et a.35 found that slow-wave sleep (% total sleep
time) increased from 11.4+10.4% on a diagnostic night to
17.6+£18.4% on CPAP vs. 13.2+12.2% to 27.2+16.5 on APAP
using a paralel group study design. The improvement on APAP
was significantly greater than on CPAP (p<0.01). Scharf and
coworkers® recorded 16.1+22.7 minutes of slow-wave sleep on
conventional CPAP and 32.6+27.4 minutes on APAP, p<0.05
using a crossover design. In another study where snoring elimi-
nation was a goal of the APAP, but not the conventional CPAR,
titration found that APAP resulted in a slightly but significantly
lower arousal index.5 However this difference is most likely the
result of different titration goals.

If APAPIs used to select afixed pressure for fixed CPAPtreat-
ment, does treatment using this pressure result in equivalent
improvements in sleep quality? Berkani et al.?> determined the
optimum CPAP pressure using APAP. On a subsequent night
patients slept on CPAP at this pressure and sleep quality was
compared to the diagnostic study. Slow-wave sleep increased
from 18+26 to 73+21 minutes on CPAP and REM sleep increased
from 36+£29 min to 69+32 min (both p<0.05). In addition the
arousal index decreased from 47+14 to 8.3+3 on CPAP (p<0.05).
Gagnadoux and coworkers®2 also used APAP to select a fixed
pressure for CPAP treatment. After two months of CPAP, a study
on this treatment was preformed. Slow-wave sleep (% total sleep
time) increased from 17.4 to 39.5% (p<0.001) and REM sleep
increased from 9 to 18.8% (p<0.001) compared to the diagnostic
night.

Another method of assessing the effectiveness of APAP is to
determine if subjective (Epworth sleepiness scale = ESS) or
objective measures of daytime sleepiness improved after APAP
treatment. D’ Ortho et a.28 using a randomized crossover design
found the ESS to improve after CPAP (9.2+5.5) and APAP
(9.3+4.8). The ESS values after both treatments were significant-
ly lower (less slegpiness) than at baseline (12.7+5.3) (p<0.05).
However, the ESS after CPAP and APAP were not significantly
different from each other. Ficker et al.2° found similar ESS after
APAP (5.3£3.9) and CPAP (6.5+4.3) treatments using a random-
ized crossover design. The same group in alater study3° found the
ESS after APAP and CPAP to both be significantly lower than
baseline (13.3+3.0). However, the ESS values after APAP
(5.6+1.8) and CPAP (5.3£1.6) were essentially the same. Fletcher
et a.3! used a protocol with ambulatory diagnostic monitoring
followed by unattended APAP titration with ambulatory monitor-
ing to determine if adequate treatment on APAP was possible.
Those having adequate APAP titrations had repeat Epworth
sleepiness scale and MSLT testing after a minimum of three
weeks of APAP treatment. After therapy the ESS was significant-
ly lower (10.5+0.9 vs. 16.8+0.6, p<0.01) and the nap sleep laten-
cy was significantly greater than at baseline (5.7+0.81 vs.
3.7+0.6, p<0.01). Meurice and coworkers® using a parallel
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group design, found similar and significant decreases in the ESS
compared to baseline on APAP (15.2+4.2 reduced to 5.6+3.7) and
fixed CPAP (14.4%6.3 reduced to 8.6+6.9). The amount of reduc-
tion in the ESS did not differ between APAP and fixed CPAP. In
this study, increases in the maintenance of wakefulness test (less
sleepiness) compared to baseline were also similar between
APAP and fixed CPAP. The MWT latency increased from
18.2411.2 minutes to 26.9£12.0 minutes on APAP and
from19.0£13.9 to 26.1+14.6 minutes on CPAP. Again, the
improvements were not statistically different between APAP and
CPAP. Hudgel and Fung,33 using a randomized crossover com-
parison of APAP vs. CPAP, found that the baseline ESS was
reduced from 16+0.8 to 8+1 post-CPAP and 9+1 post APAP
(p=NS, APAPvs. CPAP). Sériés et al .46 found that CPAP and two
modes of APAP treatment each resulted in equivalent fallsin the
ESS and increases in sleep latency on the maintenance of wake-
fulness test compared to baseline using a parallel group design.

There is also evidence that a fixed CPAP pressure determined
by APAP titration can result in a good outcome. Gagnadoux et
al.32 found a significant reduction in the ESS (11.4+5.4 to 5+4,
p<0.05) after treatment with CPAP using a pressure determined
by a previous APAPtitration. Séries and coworkers*” also studied
the effects of CPAP with an effective pressure chosen by APAP
titration (unattended). After CPAP treatment the Epworth sleepi-
ness scale was reduced significantly from 15+4 to 7+3. Stradling
and coworkers® used a parallel group design to compare out-
comes of fixed CPAP treatment chosen either by conventional or
APAP titration. For those patients accepting therapy, the ESS
reduction was similar at six weeks with manual titration (from
14.4+4.6 to 7.3+3.0) and APAP titration (from 14.7+5.2 to
8.9+4.4).

In contrast to the above documented improvementsin the ESS
on APAP or CPAP at a level chosen by an APAP titration,
Boudewyns et a.2’ found no improvement in the ESS after one
month of APAP treatment. The ESS at baseline was 4.0 (confi-
dence interval (Cl) 2 to 7) and after APAP was 6.0 (Cl 4 to 7).
However, the baseline ESS was aready in the normal range.

In summary, the data from the above studies suggests that
APAP treatment or CPAP treatment at a pressure level deter-
mined by APAP, results in similar improvement as CPAP chosen
by conventional titration, with respect to sleep quality (increases
in sow wave and REM dleep and decreases in respiratory
arousals). Furthermore, similar improvement is also seen in sub-
jective and objective measures of daytime sleepinessin the OSA
patients that were studied.

5.4 What is the evidence that APAP can prevent significant
nocturnal oxygen desaturation in patients with OSA?

If APAPwere able to adequately reduce the AHI, it is possible
that significant arterial oxygen desaturation could still occur. For
example, with the onset of REM sleep, it might take several min-
utes for pressure to increase to a level adequate to maintain air-
way patency with APAP. During this period, significant dropsin
oxyhemoglobin saturation might occur. It is possible that a tech-
nician noting significant desaturation might increase the level of
CPAP more quickly. Arterial oxygen desaturation can aso occur
even with intact airflow. Shortly after nasal CPAP was intro-
duced, Krieger et a .10 reported on a patient who developed a pro-
longed period of hypoventilation and severe hypoxemia during
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REM sleep while on positive pressure. Many sleep physicians
have encountered patients with intact airflow on CPAP who have
persistent oxyhemoglobin desaturation during REM sleep, pre-
sumably secondary to hypoventilation. Some of these patients
with this problem will respond to additional CPAP pressure or a
switch to bi-level pressure. Others may need the addition of sup-
plemental oxygen. Because of these concerns it is relevant to
assess the performance of APAP with respect to arterial oxygen
saturation, particularly if these devices are to be used for unat-
tended titration.

The studies that were reviewed used many different indices of
arterial oxygen saturation. Some did not present any data about
arterial oxygen saturation.242529.3351 The patient populations did
not include patients with known daytime hypoventilation or sig-
nificant chronic lung disease. Therefore, the resultsto follow may
not be applicable to those populations of patients. D’ Ortho et al.
found the minutes with an SaO, less than 90% to be 8.8+20.5
minutes on APAP and 3.6+£10.3 minutes on conventional CPAPIn
agroup using acrossover design.22 While the means were not sig-
nificantly different, the large standard deviation suggests that a
few patients on APAP may have had clinically significant arteri-
a oxygen desaturation. However, this data is not presented.
Ficker et al. found no difference in the oxygen desaturation index
onAPAP8.8+9.8 vs. CPAP 11.2+12.6.3° Gangadoux and cowork-
ers32 found that only 0.2% of the total sleep time on APAP was at
a Sa0;, less than 90%. Konnerman et al .35 found CPAP and APAP
not to differ with respect to the percentage of time above a SaO,
of 90% (97.2% with CPAP and 99.0% with APAP). Lofaso and
colleagues® found a mean of3° minutes with a Sa0,<90% on
APAP treatment. Meurice and coworkers 39 found the mean
sleeping Sa0, not to differ between APAP and CPAP, but no data
were given with respect to the number of dropsin the SaO, or the
time below a given Sa0, level. Miyasaki et a. used single night
studies with randomized periods of conventiona CPAP and
APAP4 They found a significantly lower minimum SaO, on
APAP (89.0+2.7%) vs. on fixed CPAP (92.8+2.5%), (p<0.05).
However, the relative amounts of REM and supine sleep on
APAP and fixed CPAP were not reported. The APAP device they
used reduced the pressure by 1 cm H,O over five minutes when
no events indicating airway instability were noted. During this
reduction in pressure, the investigators noted the onset of some
deep-disordered breathing events. In a study by Randerath et
a.,* the minimum SaO, was 87.0+4.2 on APAP nights and
87.9+4.5 on CPAP nights (p=NS). In the study by Scharf and
coworkers® there was no significant difference between fixed
CPAP and APAP with respect to the number of 3% desaturations.
Sharma et al.48 did find a lower minimum SaO, on APAP than
fixed CPAP (79.9£9.7% vs. 84.4+4.3%). Alternatively, when
comparing APAP and traditional CPAP titration nights, Teschler
et a.50 found a significantly higher mean nadir in the SaO, on
APAP than conventional titration nights (90.4+0.8% vs.
84.8+1.4%).

In summary, evidence to date suggests that APAP prevents
significant desaturation in most OSA patients. There may be a
tendency for a lower minimum SaO, on APAP than on fixed
CPAP. However, arterial oxygen desaturation may also occur in
some patients treated with fixed CPAP. The lack of arterial oxy-
gen desaturation on a given night in the sleep laboratory with a
conventional CPAP titration does not ensure that some desatura-
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tions will not occur on the fixed optimal CPAP pressure at home.
For example, in some subjects an adequate amount of supine
REM sleep does not occur during theinitial CPAPtitration. Thus,
adequacy of prevention of desaturation on the highest pressure
used may not be determined with certainty in such cases.

Should oximetry be performed during unattended auto-titra-
tion? This might detect those cases with significant desaturation
on APAP. The above studies do not document a definite need for
oximetry in most cases. However, as noted above, the patients
with a high likelihood of persistent desaturation on CPAP were
not studied. The need for oximetry during unattended auto-titra-
tion should be the subject of more study. Based on the current
evidence, correction of arterial oxygen desaturation during APAP
titration cannot be assumed without documentation with concur-
rent oximetry.

5.5 Are all the APAP technologies equally effective?

The literature search did not identify an article in a peer
review journal that compared two APAP technologies. Thus,
there is no clear evidence that one APAP technology is superior
to another. However, the results from a study of one device can-
not necessarily be assumed to generalize to all APAP devices.
Some have suggested that monitoring of more than one variable
may improve the results of APAP titration.2! However, evidence
islacking to prove this hypothesis. Besides outcomes, one would
expect that patients might find breathing on one device more or
less comfortable than another. Considerations, such as noise,
might also affect patient satisfaction. No data on the variables
affecting patient satisfaction (noise, comfort) with APAP have
been published. In addition, patient satisfaction studies compar-
ing different APAP technology/devices have also not been pub-
lished to date.

Two studies found that APAP devices using vibration aone
may fail to work in patients with prior upper airway surgery or
persons with minimal snoring.2532 Berkani?> reported on 10
patientsin whom Pg; was chosen by an APAP machine using only
snoring to detect events. When these patients were studied using
fixed CPAP at Py, two of theten had an AHI >10/hr. One of these
patients had a previous laryngectomy and the other a UPPP.
Lofaso and coworkers3® using a device monitoring snoring found
3 of 15 patients with an AHI >10 during an APAP treatment
night. One of the patients was a non-snorer and two were mouth
breathers. Of note, these studies did not address whether other
technologies would have resulted in an AHI <10/hr in these
patients. Miyazaki and coworkers found that a device utilizing
vibration alone failed to completely normalize maximum
esophageal pressure deflections. 0 However, a comparison of
mean esophageal pressure deflections was not performed.
Devices that use vibration may also require utilization of limited
types of masks, tubing, or humidifiers as per manufacturer spec-
ifications.

APAP units monitoring flow or impedance may fail to titrate
properly because of high mask leaks. Using flow alone may not
result in recognition of respiratory effort related arousals. Lafond
and Séries found that two flow-based systems failed to adequate-
ly respond to increases in nasal resistance induced by his-
tamine.36 One device used changes in compressor speed to mon-
itor flow and the other used a built in pneumotachograph. The
authors hypothesized that a device also monitoring flow limita-
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tion might have detected such achange. It is possible that devices
detecting airflow flattening might titrate to a higher pressure
level than those only detecting apnea or hypopnea. The differ-
ence in pressure would likely be of the order of 1-2 cm H,0.8
While this might result in a lower AHI, there is the potentia to
increase pressure intolerance. This could potentially be most
important if APAP is used to select a pressure for fixed CPAP
treatment. However, there was no data to suggest that eliminating
airflow limitation was better or worse than other technologies.
The need to eliminate airflow limitation or completely normalize
esophageal pressure deflectionsin conventional CPAPtitrationis
controversial.® Potential improvement in sleep quality with elim-
ination of flow limitation is balanced by the potential for pressure
intolerance or higher mask leaks with the higher pressure.

5.6 Is APAP effective in determining an optimal fixed CPAP
pressure for chronic fixed CPAP treatment during an attend-
ed or unattended APAP titration? Does use of APAP titra-
tion affect acceptance or adherence?

To answer the first question, one can compare fixed CPAP
treatment pressures selected by APAP and conventional CPAP
titration or determine the outcome of fixed CPAP treatment at a
pressure chosen by an APAPtitration. In evaluating these studies,
however, comparison of means does not tell the entire story.
While means could be similar, there could be a significant pro-
portion of patients with substantial differencesin Py selected by
conventional CPAPtitration or APAP. There are at least two stan-
dards by which to judge APAP selection of a fixed CPAP pres-
sure. Thefirst is whether APAP titration will allow selection of a
P resulting in acceptable treatment (AHI<10/hr) and/or good
clinical outcome. Several of the studies that were reviewed used
this approach.2532 The second is whether APAP titration is as
good asthe “gold standard” (manual titration). The results of any
comparison between APAP and manual titration depend on the
APAP device, the method used to select the Py from the APAP
titration, and the manual titration agorithm.

The studies reviewed used several different methods of deter-
mining Pg from the data from the APAP devices (Pgs, maximal
pressure during APAP titration). In most studies a single pressure
was selected after a detailed review of the auto-CPAP night data.
That is, periods with high mask leak were often eliminated for
consideration by manual review. A single number calculated by
computer from the data was not simply accepted as the proper
level of pressure. Another factor to be considered in evaluating
results is whether the studies were unattended or attended. In
attended titration, a technologist could intervene for mask leaks
that could affect the success of titration.

Two clinical series?>47 and one randomized controlled trial4®
used unattended APAP titrations to determine a Py (optimum
CPAP pressure level). An additional three clinical series325051
used attended titration and one randomized control trial used par-
tialy attended (nurse could adjust mask for significant leak)
APAP titration to determine a pressure for fixed CPAP treat-
ment.3” Some of the investigations using attended studies quanti-
fied the number of technologist interventions.

Berkani et al.z> used an unattended APAP titration in a regu-
lar hospital room to define Pg; as the maximum pressure deliv-
ered on the APAP night. Using this pressure, eight out of ten
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patients had an AHI < 10/hr on a fixed CPAP night using Pes.
Gagnadoux and coworkers®2 performed an attended APAP titra-
tion and used the Pys as the Pg; for fixed CPAP treatment. After
three months of treatment a sleep study on this level of fixed
CPAP found an AHI <10/hr in 21/24 patients. Lloberes used a
partially attended APAP titration and compared pressures sel ect-
ed on the basis of APAP or manual titration using a randomized
crossover design.3” The APAP pressure (Pgs) was 10.3+1.5 cm
H,0 and the manual pressure was 10.1+1.8. 1n 15/20 patientsthe
difference in pressures was 1 cm H,O or less. Séries et al.47 used
two weeks of unattended APAP titration to determine a P«; based
on the time spent below a selected reference pressure. The APAP
devicewas set to titrate pressure between the limits P-4 cm H,O
and P,+3 cm H,0. The P, was selected using aformula base on
BMI, AHI, and neck circumference. On fixed CPAP with Py
selected by an APAP titration the AHI was <10/hr in 38/40
patients. Stradling et al.,* using a randomized parallel group
design, found the APAP titration pressure and manual titration
pressures to be very similar in two well matched groups of OSA
patients (APAP: 8.2+2.1, manua CPAP titration: 8.7+2.1 cm
H,O). The selection of Py on the APAP night was performed
after visualization of raw data. The pressure effective “most” of
the time during APAP titration was chosen. Teschler and cowork-
ers performed two studies in which only some of their compar-
isons strictly followed a randomized control design.505t After an
initial diagnostic night, patients were randomized to either man-
ual or APAP titration with the aternate method to follow. The
manual titration defined a Py -manual and the APAP study
defined a Py taken as the Pgs. Comparison of these pressures is
consistent with a randomized controlled study. In the first study
the Pgs was on average 1.3 cm H,0 higher than Py -manual. The
manual titration end point did not include elimination of snoring.
Following the two titration nights, patients underwent a night of
fixed CPAP on Pgs. However, no night of fixed CPAP on a Pg
determined by manual titration was performed to provide a ran-
domized comparison. The AHI on fixed CPAP using Pg from
APAP was 2.5+0.7/hr consistent with excellent treatment. This
result suggests that Pys is an adequate choice for fixed CPAP. The
study does not compare the outcomes of Pgs with Pg; chosen by
manual titration. In a second study by Teschler and coworkers,5!
asubgroup of the patientsin the previously described paper were
restudied at three and eight months after initial titration with both
amanual CPAPtitration and an APAPtitration. Thistime the goal
of the manual titration was to eliminate snoring as well as apnea
and hypopnea. The results showed the Pgs on the APAP night and
manual Py to eliminate snoring to be similar. This study illus-
trates the point that one must consider the goals of both APAP
and manual CPAP titrations when comparing their relative effec-
tiveness.

Stradling and coworkers® looked at the effects of using unat-
tended APAP titration in the sleep laboratory on subsequent
acceptance of compliance with fixed CPAP treatment. They used
a randomized control paralel group design, in which patients
underwent either an attended conventional CPAP titration or an
unattended APAP titration in the sleep laboratory, with subse-
quent treatment with fixed CPAP on the determined Pg. The
selection of Py on the APAP night was performed after visual-
ization of raw data. The endpoint was the decision about contin-
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uing CPAP treatment beyond follow-up at six weeks: acceptance,
undecided, declined treatment. The percentage accepting CPAP
after APAP titration was slightly but not significantly higher
(73% versus 64%). However, significantly more patients with
traditional CPAP titrations declined continuation of CPAP treat-
ment (13% vs. 2% titrated with APAP, p<0.05). In this study no
exclusion criteria were specified.

Fletcher et al.3! studied the feasibility of using ambulatory
monitoring for diagnosis followed by ambulatory APAP titra-
tion/treatment as therapy for a group with OSA. Exclusion crite-
riaincluded a suspicion of other sleep disorder (narcol epsy, rest-
lessleg syndrome), complicating medical illnesses, acute decom-
pensation requiring hospitalization, or a prior diagnosis of OSA.
Of the 45 patients that underwent APAP titration, it was deemed
satisfactory in 35 (78%). A satisfactory titration was defined as
the ability to determine an effective treatment pressure. The cri-
teria used to make this assessment were not specified. The inves-
tigators were able to download considerable information as the
APAP device was connected to portable monitoring equipment
(Horizon Surveyor). The 35 patients with satisfactory APAPtitra-
tionswere offered treatment and 30 of 35 completed six weeks of
APAP treatment. Those patients failing APAP titration were
offered conventional titration.

In summary, four randomized control trials3749-51 and three
clinical series?53247 found that APAP could be used to select a
fixed CPAP pressure that reduced the AHI to less than 10 per
hour in 80%-95% of the OSA patients that were studied.
Depending on the method of selection of the pressure from APAP
and the manual CPAP titration protocol, the pressures from the
two methods were usually within 1 or 2 cm H,O. In nearly all
studies some form of raw data was viewed before Py was select-
ed from APAP titration (not relying solely on a machine comput-
ed number). One study4° suggested that using APAP rather than
traditional CPAP titration to define a fixed effective pressure for
treatment decreased the percentage of patients declining continu-
ation of CPAP treatment at six weeks. This question requires fur-
ther study before conclusions can be reached.

Unattended APAP titration appeared able to identify an effec-
tive pressure for fixed CPAP defined as an AHI <10/hr in 38 of
40 patients in one study4” and 8 of 10 in another.? In a third
study, patients treated with a fixed pressure chosen by an unat-
tended APAP titration were equally likely to accept CPAP treat-
ment, and had an equivalent improvement in subjective sleepi-
ness as assessed by the Epworth sleepiness scale.® However, in
another study,3! 22% of the patients undergoing unattended
APAP titration/treatment had an unsatisfactory titration. The
investigatorsin that study could review data from both the APAP
device and a home monitoring device. Patients with “complicat-
ing medical illnesses’ were excluded. More studies of larger uns-
elected patient groups are needed to better define the efficacy of
unattended APAP titration. Is the ability to view some form of
raw data concerning leak, residual events and pressure over time
rather than a simple summary of the amount of time at each pres-
sure required to effectively perform unattended auto-titrations? |s
monitoring of arterial oxygen saturation during unattended auto-
titration useful ? Although not specifically addressed in the APAP
studies, the availability of more extensive information should
help identify patients who had an inadequate titration and to
determine specific problems such as leaks. The clinician could
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then make a more informed decision about which patients require
a subsequent traditional attended CPAP titration.

5.7 What is the evidence that auto-CPAP will increase
acceptance or utilization with positive pressure treatment
when used as long-term treatment for OSA?

Review of the literature identified six studies in which accep-
tance and/or adherence on fixed CPAP and APAP treatment were
compared. Three of the six studies found that at |east some aspect
of adherence was improved by APAP compared to conventional
CPAP. Meurice and coworkers® used a randomized parallel
design to compare treatment with fixed CPAP and APAP. Both
groups underwent determination of the optimal CPAP pressure
by conventional in-laboratory titration. They were then treated
with three weeks of either fixed CPAP or APAP. The same type
of machine was used in either the CPAP or APAP mode. The
groups were well matched with respect to AHI, the maintenance
of wakefulness test (MWT) sleep latency, and the optimal CPAP
pressure. There was an increase in mean nightly time at pressure
over the three-week treatment period with APAP compared to
fixed CPAP (6.5+1.0 versus 5.1+1.1 hours). However, the MWT
mean sleep latency scores in the two groups after treatment were
equivalent. Three weeks is arelatively short period of adherence
monitoring. It is possible that the difference in mean nightly use
may have been less with time. In any case, this study found the
largest difference of any study showing an advantage for APAP
with respect to adherence.

Konermann et al.35 also used a paralel design in which
patients were randomized to fixed CPAP or APAP in-lab titration
followed by athree-to-six-month treatment period using the same
mode of positive pressure. Adherence was determined over that
period. The number of nights per week with >4 hours use was
greater in the APAP group (APAP: 6.5£0.4 vs. CPAP: 5.7+0.7
night per week). The mean nightly duration of use did not differ
(5.6+2.5 with CPAPvs. 5.9+1.6 with APAP), and the fixed CPAP
and APAP groups were well matched. However, the exact details
of the timing of when adherence monitoring occurred were not
provided. Thus, one cannot determine if adherence was sampled
at equivalent times in the two groups. The APAP group had more
slow wave sleep on the initial treatment night. This group may
have responded better on average to positive pressure and thus
potentially might be more adherent. Furthermore, it was not doc-
umented that the small difference in adherence resulted in any
difference in outcomes.

Hudgel and Fung3 found an increase in the mean hours per
night on APAP compared to fixed CPAP (6.0+£0.3 vs. 5.5+0.3 hrs)
using arandomized crossover design in alarge group of patients.
The Virtuoso (Respironics®), an airway vibration based device,
was used for the study. The machine could be placed in either
fixed CPAP or APAP mode. The level of pressure used for fixed
CPAP was determined by a conventional CPAP titration. Sixty
patients were randomized to CPAP or APAP as the first treatment
depending on whether the last number of their hospital number
was even or odd. Twenty-one did not complete the 24-week pro-
tocol because of non-compliance (19) or exclusion (2) because of
medical complications unrelated to OSA. In another six patients,
usage data were not available because of technical problems.
Thus, 33 patients were available for analysis. A greater number
had fixed CPAP before APAP (19 vs 14). The inequity in initial
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treatment could have biased the results against fixed CPAP, as
some patients require a period of getting acclimated to positive
pressure. While the authors state that there was no evidence of a
changein adherence over the three months of each treatment arm,
no data on this question were presented. No statistical test of the
effect of order was performed. In this study the improvement in
the Epworth sleepiness scale was similar on CPAP or APAP.
Thus, a small improvement in adherence may not be clinically
significant. Of note, the mean pressure on APAP was lower than
on CPAP by about 4 cm H,0.

Review of the literature also revealed three studies that did not
show an improvement in adherence with APAP over CPAP. In a
randomized crossover study, d’ Ortho and colleagues found simi-
lar adherence to CPAP and APAP.28 Each treatment arm was three
months in length and the REM plus auto device was used
(Néellcor-Puritan Bennett). The authors analyzed the effect of
order (APAP or CPAP first) and found this to not be significant.
The authors did find that 15 of 25 preferred APAP at the end of
the trial. Of note, mean nightly adherence time was short (about
four hours) and the mean pressure on APAP was only about 1 cm
H,O lower than on CPAP. The relatively small pressure differ-
ence between APAP and CPAP may have been one reason a dif-
ference in adherence was not found. Teschler et al.52 in a small
study (N=10) of adherent patients also found no evidence for an
increase in adherence on APAP compared to CPAP treatment.
The median pressure on APAP treatment was on average about 2
cm H,0 lower than CPAP. It is possible that APAP may have less
advantage in a group of patients that is very adherent to CPAP.

In a randomized control trial (crossover design), Randerath
and coworkers* compared the mean nightly use of fixed CPAP
or APAP (impedance by the forced oscillation method). The
adherence (mean nightly use) did not differ between the methods
of treatment (APAP: 315.4£94.7 vs. CPAP: 315+97.4 minutes).
However, when the patients were asked which unit they pre-
ferred, asignificantly greater number chose APAP (75% vs. 25%,
p<0.01).

In summary, to date there is conflicting evidence about
whether chronic treatment with APAP improves acceptance/
adherence over fixed CPAP. It is possible that the differencesin
findings are secondary to different APAP devices or different
patient populations. As seen from the discussion above, the mean
difference between the mean APAP pressure and the fixed CPAP
pressure in these studies ranges from 1 to 4 cm H,0. It is possi-
ble that patients having a larger reduction in pressure on APAP
might perceive a greater advantage to APAPR. If APAP does
increase adherence, whether and how the change influences clin-
ical outcomesisasyet undefined. One of the three studies show-
ing an advantage in adherence was relatively short in duration. It
is possible that adherence may be most significantly improved
over the short term. In two of the studies not showing an advan-
tage for APAR4352 the patients were very adherent on both modes
of treatment. It is possible that there might be more difference in
a less adherent group of patients. Even if adherence is not
improved by APAP, acceptance of positive pressure treatment
could theoretically be improved with these devices. This hypoth-
esis has not been proven. A few studies found evidence of an
increase in patient preference for APAP devices.2844 Finally, pres-
sure intolerance is usually not the most common or important dif-
ficulty patients face with positive pressure treatment. This could
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limit the amount of improvement in acceptance/adherence with
APAP. Treatment trials comparing APAP and CPAP aso must
ensure that patients randomized to different treatment arms
receive equivalent support for problems such as mask leaks and
dryness.

5.8 Are there safety considerations in selecting patients for
auto-CPAP titration or treatment?

Safety issues are of concern, especially if APAP titration is to
be performed as an unattended study. The literature search iden-
tified only two studies specifically addressing safety issues.26:34
Boudewyns et al.26 published a case report describing the appear-
ance of central apneas occurring during APAP titration. The
apneas occurred as pressure was increased. Some of the events
seemed to occur post arousal. Of note, central apneas may also
occur during manual CPAP titration. However, central apneas
could conceivably result in APAP devices delivering a progres-
sive increase in pressure. This action may not be effective in
inducing a resolution of these events. If excessive pressure trig-
gers arousals, this action could cause central apnea in some
patients.56

Patients with lung disease and OSA, or obesity hypoventila-
tion syndrome might also potentially have problems during unat-
tended APAP titrations. These patients can desaturate during
dleep in the absence of apnea or hypopnea, especially during
REM sleep. Treatment with supplemental oxygen in addition to
positive pressure or switch to bi-level pressure may be needed.
Thiswould not be available during an unattended APAP titration.
Thus, it seems reasonable to expect that patients with significant
heart or lung disease as well as OSA may have problems with
automated titrations.

Juhasz and coworkers3* performed an attended but automated
CPAP titration in 21 patients randomly selected from a group of
162 diagnosed as having OSA. The VITPAP device they used
systematically increases and then decreases pressure in steps over
a set pressure range. This process alows later selection of an
optimal CPAP on the basis of the AHI at each level of pressure.
The device responds to arterial oxygen desaturation but not to
apnea, hypopnea, or snoring. In six patients, complications devel-
oped during the titration including central apnea with arrhythmia
and hypoxemia despite continued airflow (presumed hypoventi-
lation). The patients with these complications had congestive
heart failure or lung disease. In two patients, the technologist ter-
minated the automated titration because of the development of
worsening desaturation or arrhythmia. While the device used in
this study is not a true APAP unit, this study does illustrate the
potential problems with automated CPAP titration.

Most of the studies that were reviewed (Table 1) specifically
excluded patients with heart failure or lung disease. Two trials
aso excluded patients on higher levels of CPAP (>14-15 cm
H,0).3546 |t is possible that the lack of reported adverse events
during APAP titration in these studies reflects judicious patient
selection. Until evidence is published to the contrary, it seems
prudent to exclude patients with significant lung disease, daytime
hypoxemia or hypoventilation, and congestive heart failure from
unattended APAP titrations. While most studies did not exclude
patients needing high CPAP levels (>14 cm H,0), the average
treatment pressure in most studies was in the 8 to 12 cm H,0
range. No study specifically addressed APAP efficacy in the
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group requiring high CPAP pressures. However, until further data
is available, it is probably prudent to use APAP devices with the
ability to provide pressures up to 20 cm H,O for patients that
might require high levels of pressure to maintain a patent upper
airway (high body mass index, high AHI, large neck circumfer-
ence).6!

6.0 FUTURE RESEARCH

Review of the current literature has identified several issues
that need more information. There is little or no data comparing
the effectiveness of different APAP technologies. Also, the abili-
ty of APAP devices to effectively treat sleepy patients with mild
OSA (AHI 5-10/hr) has not been well documented. In thisreview,
reduction of the AHI to less than 10/hr was used to define an
acceptable titration. It is acknowledged that some patients may
benefit from a further reduction of the AHI to less than 5/hr.
There is conflicting data about whether chronic treatment with
APAP can increase acceptance of or adherence to positive pres-
sure treatment. To date, no study has shown APAP improves
patient outcomes. Perhaps specific patient subgroups might be
identified in which a larger advantage can be documented for
APAP2 For example, patients with postural or REM-related
apnea could conceivably have a much lower mean nightly pres-
sure on APAP devices. Patients exhibiting pressure intolerance
during theinitial titration might be another group benefiting from
APAP. Studies determining whether acceptance of positive pres-
sure treatment might be enhanced by initial treatment with APAP
devices are aso needed.

Thereisrelatively little information available about the safety
and efficacy of unattended APAP trials in populations with con-
gestive heart failure, COPD, or low awake SaO, values. More
information about patients needing high levels of CPAP is aso
needed. Can the built-in monitoring capabilities of the APAP
devices be used to reliably tell if adequate titrations and/or treat-
ment is occurring? Should oximetry be used during unattended
auto-titration? One might expect the diagnostic capabilities of
APAP devices to increase in the future. An alternative would be
an interface between the APAP unit and an ambulatory monitor-
ing device. This would allow an integrated method of diagnosis
and auto-titration. More data might also help identify patients
needing traditional titration or treatment with supplemental oxy-
gen. More studies of unattended APAP titrations in CPAP naive
patients are needed to determine safety and efficacy. Does unat-
tended APAP titration result in adequate titration in a large pro-
portion of patients? Studies of treatment protocols using APAP
titration also are needed to demonstrate that these approaches
actually provide cost savings without sacrificing good patient
care.
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Auto-Titrating CPAP—Berry et al
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